The paper deals with basic soil physical properties as affected by wheel traffic. Agricultural land is, in varying degrees, exposed to the pressures exerted by running parts of tractors, harvesting machinery and transport equipment. Damaging the soil by compaction increases the energy efficiency, deteriorates the quality of tillage, may reduce crop yields and is associated with environmental risks that accompany water erosion. The selection of results from field trials demonstrates the positive effect of the reduction of level crossings on the results of physical and mechanical properties of the soil.
Dumitru GuTu, Josef HůlA, Milan KroulíK Contemporary farming systems in agriculture are associated with negative impacts on soil which damage both productive and non-productive functions of the soil. One of these effects is soil compaction. Soil compaction is one of the major problems facing modern agriculture. The overuse of machinery, intensive cropping, short crop rotations, intensive grazing and inappropriate soil management leads to compaction. Soil compaction occurs in a wide range of soils and climates (Hamza and Anderson, 2005; Batey, 2009; Antille et al., 2013) . In addition to the adverse impact of soil compaction on crop yields, also environmental consequences are particularly serious. It is mainly related to the intensive exploitation of heavy agricultural machinery. The continuous increase in the weight of farm machinery and the necessity to use heavy machines in unfavourable soil conditions increases the potential for subsoil damage . Compaction occurs if the stress imposed by traffic causes damage to soil pores. Damage includes both the compression and shearing of the soil pore structure (Chamen et al., 2015) . Traffic-induced soil compaction is known as the process induced by wheeling of mobile farming units in which soil particles are spatially rearranged, which leads to increasing of soil bulk density (Hamza and Anderson, 2005) . Passes over fields are unavoidable in today's agriculture and the soil compacted by machinery tyres is not the only one problem for one year or even one season. Undesirable compaction and changed soil structure may be found even after several years (Radford et al., 2007) . The extent of the soil compaction problem is a function of soil type and water content and further vehicle weight, speed, ground contact pressure and the number of passes, and their interactions with cropping frequency and farming practices (Ball and Ritchie, 1999; Chamen et al., 2003 Chamen et al., , 2015 Chan et al., 2006; Radford et al., 2007) .
The use of GPS in common agricultural practice, especially for positioning in the field, has been a milestone for modern agriculture systems and precision farming which is based on precise operations (Sparovek and Schnug, 2001) . Control traffic farming (CTF) with precisely set tyre tracks could be a tool for minimising of soil compaction risk, since CTF is based on maintaining the same wheel lanes for several years (Hadas et al., 1990; Raper, 2005) .
The greatest benefits from the CTF system are obtained when all machinery, including the harvester, are matched to the same wheel base. The technical solution to having the same tyre or belt spacing on all machines in the field could be the main obstacle for common utilization of CTF. On the other hand, it is possible to use the CTF system without strictly following these conditions (Kroulík et al., 2011) .
The main issue of this paper is the evidence of the possibility of organizing the controlled traffic of farm machinery on land and the impact on physical and mechanical properties of soil.
The measurements of soil properties were carried out in the Krinec locality -Central Bohemia (50° 13' 50.82'' N, 15° 06' 9.65'' E), agricultural company ZAS Podchotuci, jointstock company, 200 m + MSL (mean sea level) and Leptosols soil type. Texture was described as loamy soil (clay content (g/kg) 383, C ox 3.8%). Crop rotation takes around four years and comprises of two crops [e.g. pea (Pisum sativum L.) -winter wheat (Triticum aestivum) -winter wheat (T. aestivum) -pea (Pisum sativum L.)]. A field trial on a land size of 10 ha was established in spring 2010. The system with permanent driving tracks in the module of machines with a working width of 6 m has been applied on the plot for five years. The out track system ( Figure 1 ) was used, similarly as in Galambošová et al. (2010 A GPS satellite system with the RTK VRS correction signal was used for the navigation of machines during soil tillage, sowing, application of chemicals for plant protection, application of mineral fertilizers and during harvest. An assisted steering system AgGPS EZ-STEER Trimble has been used for machines steering (since 2012 upgrading to EZ-PILOT and Autopilot Trimble).
On the experimental field, the soil properties were evaluated in four variants of wheel effect: Variant 1 -Traffic lanes including application of chemicals for plant protection and mineral fertilizers (spraying rows); Variant 2 -Traffic lanes without application of chemicals for plant protection and mineral fertilizers (sown rows); Variant 3 -Outside the traffic lanes; Variant 4 -Random traffic. Random traffic was applied in the area of 3 ha within the experimental field.
During the soil tillage, trajectory rides of machines sets were shifted in navigation in the part of field with random passages (in the direction of other passages). This results in an increase of soil surface with passages by 32% during the season. Table 1 and Figure 1 document the field operations and machines used for work operations.
Penetration resistance measurements were made at 0.04 m intervals, in the depth from 0.04 m to 0.40 m, with a handpushed, recording penetrometer PN-10 penetrologger (CULS Prague, Czech Republic). Penetration resistance measurements were repeated ten times. The penetrometer had a 30° cone angle with an area of 1 cm 2 . Total soil porosity was evaluated by means of undisturbed soil samples taken into Kopecky's rings (100 cm 3 ). The samples were processed in the standard way described by Valla et al. (2008) . To measure the shear stress of soil, a CL-100 vane probe (Terratest) was used (Figure 2 ). The method is used for determining the cohesion of the soil. The lamellas head device is pressed into the soil after cutting the soil to a plane. After inserting fins into the soil, the lamellas head rotates with a constant velocity. After overcoming limits, the soil between the lamellas and the soil layer is separated. Detected scale reading on the device is expressed as shear stress. The same method of measuring was used for measuring the shearing stress and strength of clods after soil treatment.
STATISTICA 12 with the analysis tool ANOVA was used for statistical evaluation of results, specifically the Tukey's HSD test. Figure 3 illustrates the values of penetration resistance in the topsoil in spring (6 th April 2013 -the fourth year of the field experiment establishment). Average soil moisture content in the depth of 0.00-0.40 m was 26.1 (weight %). As expected, the lowest values of penetration resistance were found in variant 3 (outside the traffic lanes). A significant increase in penetration resistance was observed in the upper layer of soil in variant 1 (spraying rows). Similar results by Radford et al. (2007) observed significant differences (p <0.001) in soil cone index obtained between the wheeled and non-wheeled soils. The results have confirmed that the cone index values of non-compacted soil are significantly lower than in the case of low traffic or conventional tillage system to a depth of 0.24 m, while at greater depths significant differences were not observed. Figure 4 shows the values of total soil porosity after soil samples were taken on 2 nd July 2013. At a depth of 0.15-0.20 mm, the highest soil porosity was recorded in variant 3 (outside the traffic lanes). The values of soil porosity were lowest in variant 1 with the highest intensity of wheel traffic.
The mechanical properties of the soil are expressed by soil shear stress. The clods of shear stress after soil tillage in autumn did not show significant statistical differences. These are shown in Figure 6 .
During field trafficking, vertical and horizontal stress components as well as shear forces in the soil are caused by the profiled, moving and deflecting tyre . Compaction occurs if the stress imposed by traffic causes damage to soil pores. Damage includes both the compression and shearing of the soil pore structure (Chamen et al., 2015) .
The shear strength of topsoil was greatest in the areas where there were most concentrated crossings (Variant 1 -spraying rows). On the other hand, these results showed a greater bearing capacity in the areas of traffic rows due to crossings and improving 'riding' of these tracks and create conditions for reducing rolling resistance, which is not contrary with the results of other authors (Keller and Arvidsson, 2004; Kovaříček et al., 2014; Defossez and Richard, 2002) .
Conclusion
The results of the field experiment showed favourable soil physical properties outside the traffic lanes. On the part of the experimental field with random traffic, the physical and mechanical properties of soil were often similar to those in places of permanent traffic lanes. The area without wheel tracks accounted for 68% of the area of the field when the working width module of 6 m was used on the experimental land.
On the basis of current knowledge from the pilot field trial on the plot of 10 ha with the module working width of 6 m, it can be summarized that the system of controlled trafficking is workable in operating conditions. The conditions are: the very good facilities of agricultural machinery of the company and technological discipline. 
